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ABSTRACT: An experimental investigation is made
of the distribution of velocity and temperature
in single-phase and double-phase (the degree to
which it is double-phased is up to about 4.4)
plasma streams. It is shown that the introduc-
tion of a condensed phase into the plasma flow
can significantly ‘decrease the temperature and
velocity of the gas. It is established that an
intense decrease in the stream paraméters takes
place downstream. It is also shown fhat the
parameter distribution in the lateral cross sec-
tions of the main ‘part of the stream can be ad-
equately described by the corresponding Schlich-
ting curves. Values are fouwd for the Reynolds
number determining the change in the flow re-
gime in an argon plasma flow on the cross sec-
tion of a nozzle.

Free single~phase and double-phase plasma streams‘have found /304
wide application in science and technology (the vaporization of re-
fractory materials, the production.of powders, the synthesis of ma-
terials in plasma streams:etc.). In order to choose the optimal
regimes for understanding these processes, we need to know the dis-
tribution of temperature and velocity both in different cross sec-
tions and along the axis of the plasma streams.

There are many experimental and theoretical works, generalized
in [1, 2], which investigate isothermic or slightly heated gas flows.
However, the flow motion of a plasma has been studied very little up
to the present time. Certain Tesults concerning single-phase plasma
in air or annular wakes of another gas were obtained in references
[3-6]. No one has yet obtained data on heterogeneous plasma streams.

In practical work with heterogeneous plasma streams the influ-1f
ence of a condensed phase on the hydrodynamic parameters of the
_stream is usually not taken into account, which naturally is not al-
ways valid. In relation to this fact, in this article we will study
the problem of the distribution of temperature and velocity of the
~gas in single-phase and double-phase stationary subsonic plasma
streams flowing into theé atmosphere, and establish the influence of
~the degree to which it is double-phase on the value and distribution
of these parameters. (We will define the ratio K" = Gp/Gg as the de-
‘gree to which it is double-phasej; Gp is the mass flow of the

% Numbers in the margin indicate pagination in the foreign text.



condensed phase across a lateral cross section of the stream; Ga is
the mass flow of gas across the same cross section.)

Description of the Apparatus. The experiments were made on a
pulse plasma source with a vortex supply of the working medium and
a nozzle diameter equal to 6:10"3 m. Powder was injected into the
plasma flow through an aperture in the wall of the nozzle. A dia-
gram of the apparatus for conducting the experiment is shown in
Figure 1. ’ .

The direct current electric arc heater (1) was placed horizon~
tally on the frame (10) along which the heater could be shifted in
an axial direction. Energy was supplied to the source from a line-
across a selenium-rectifier, a battery of ballast rheostats and a
control panel, on which the measuring and starting equipment were
located. The working medium (argon, symbol "A") entered from the

tank also through the control panel. With investigation of double-.

phase streams, a powder (tungsten carbide) was introduced into the
stream using a special feeder (2). The flow rate of the powder
(2.9+.1073 kg+sec™ 1) was held constant in all experiments since we
placed the dosage apparatus of the feeder in the same place. The
dimension of the powder particles was'kept constant by sifting -
through a special screen, ,

3 p p - ‘The microthermocouple (3) and

Ar [3 i~ ~200. V' the- water-cooled total pressure

‘o | @ S sensor (6) were shifted across the

‘stream slowly ((4-8):10"3 m/sec)

using an electric motor (7). The
1] » ; electric signals from the thermo-

r R e O -couple and the manometric device

L ! (5) were recorded on the tape of

an MPO-2 oscillograph (4). To re-

cord the spectra of the luminous

£ S .

i
Jf

)

o the slit of the spectrograph using
a lens (9). The spectrum of the

\ iron arc was obtained using a PS-

Fig. 1. Diagram of the Experi~ 39 generator and as a source of ¢

mental Apparatus. standard radiation we used-a SI-10

tungsten ribbon-filament lamp.

/E:) .
g ~, ‘ 51 spectrograph (8) with a UF-85
:gijt: camera. The stream was focused on
J .

The experiments were made in the following order. With a gi-
ven fixed power supplied to the plasmatron (10 and 15 kw), the flow
rate of the working medium was changed by steps (0.66+1073; 1.09-

10-3; .1.66+10~3 kg/sec); for each flow rate we investigated the dis-

tribution of temperature and velocity in the cross sections of the
stream located at distances: 10-3; 12:1073; 15-1073; 75.1073; 135
#1073 m from the cross section of the nozzle. Measurement of the

distribution of the parameters was made under the same regimes for

| /A part of the stream we used an ISP--

~
w
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both homogeneous and heterogeneous streams.

: The Measurement Procedure, Measurement of Temperature in the

* Luminous Part of the Stream. The temperature on the axis of the
luminous part of the plasma stream (up to ~ 15:10-3 m from the cross
section ,of the nozzle)was computed by measuring the absolute inten-

sity o§ the lines emitted. by argon in the wavelength range A = L0OOO
-4300 A,

On the assumption that the plasma in the stream under atmos-
pheric pressure is in a state of thermodynamic equilibrium [3], the
intensity of the line radiation of an optically thin layer of gas
. is computed by the'relationshipi given in reference [3] and in the.
dissertation of V.N., Kolesnikov
1 gm Em
I=-4—Tt-AnMNoz(-g;llLvexp <_ﬁ): | (1)

Anm is the probability of transition from an excited state with a
quantum number m to a state with a quantum number n, Ny is the con-
centration of neutral garticles per unit of volume, g, is the static
weight of state m, 1) is the static ‘sum by the states of the radi--
ating atoms, Ep is the excitation energy of level m, I is the abso~-
lute temperature of the gas, h is Planck's constant, » 1s the radi~ /30
ation frequency, 1 is the length- of the radiating layer, k is
Boltzmann's constant. , . ;

We assume that equationv(l) is. also valid for double-~phase
plasma streams, since in the conditions of the experiment, the vol-

ume pgrt of the condensed phase in the stream remained small ( ~
2:107°). -

The absolute 1nten51ty of the argon lines, chosen for measure-
ment (A = 4158 &, A = 4259 R, A = 4300 &), was determined by com-
parison with the spectral intensity of a standard radiator. To do
this, together with the spectrum of the stream, we photographed the
spectrum of a SI-10 standard lamp and then the intensity of the
lines was measured in units of the intensity of the standard radia-
tion, measured on the same wavelengths (cf. [3] and the disserta-
tion of V.N. Kolesnikov). The values of the monochromatic coeffici-
‘ents of blackness of tungsten necessary for the calculation were td-
ken from [7]. The obtaining of the spectra of the stream and the
standard, interpretation of the photographic material and measure-
ment of the radiation intensity were made with strict observance of
thé respective procedures using the usual equipment [3, 8, 9]. The
physical constants for these lines were borrowed from reference [9]
and the value of No was calculated by. the Sakh equation. Variations

(2)

in the value of 9, as a function of temperature were not taken

1'V.N. Kolesnikov: Dissertation, Fiz. Instit. Akad. Nauk SSSR, 1962.



into account. On the assumption of axisymmetry of the stream, the
effective optical thickness of the radiating layer was determined
using the Abel transformation [3]. Equation (1) was solved with re-
spect to temperature on a "Upal-3" computer by the method of suc-
cessive approximations. The temperature on the axis of each cross
section was determined as the arithmetic mean of the results of the
calculation according to two, and, in dertain cases, three lines.

¥
We found the temperature dlstrlbutlon by radlus from the rela—

tionship [3] “ .
I_Ne(T) [ Ew(i 1
To . Nog(T )e"p[ I (7 Z’oﬂ’ 3 (2)

where Iy, Ng, g ( ) (To), To are respectlvely the spectral intensity
of the line, the number of atoms per unit volume, the static sum of
the atoms by the states and the temperature at the axis of the
stream, and I, W, g(t) (T), T are the same values at an arbitrary
point of a given cross section.-

The ratio I/I) was determined from the spectrogram and N and

Ny were determined according to the.-Sakh equation. Equation (2)-
was also solved with respect to I on a, "Ural-3" computer by the
method of successive approximations. As estimates show, the errors

in determining temperature by this method do not exceed ~ u-5%.
Measurement of the Gas Temperature in the Nonluminous4Papt of
the Stream. The temperature distribution of the gas far from the
cross section of the nozzle, where the stream has a relatively low
temperature, was investigated using an unshielded chromel-alumel
microthermogcouple whose readings during motion across the stream
were recorded on the tape of an MP0O-2 oscillograph. According to
the obtained oscillograms using calibration curves, we plotted the
actual temperature distribution by cross section of the stream. )
The thermocouPles were calibrated according to the melting points.

of zinc and aluminum in a loop assembly with which the thermocouples
then operated

Since an unshielded thermocouple, immersed in a gas stream, in-
dicates only its .own internal temperature [10], we took into account
the deviations in the indications of the thermocouple, caused by its
thermal inertia, radiation, stagnation of the flow and the heat re-
moval from the junction, so that when interpreting the experimental
data we might obtain the thermodynamic temperature of the flow. We /30
made the corresponding corrections in the results wherever it seemed
necessary.

An analysis showed that the greatest error in measuring the
temperature in the center of the stream (roughly up to 2/3 radius)
by the given method did not exceed ~u4%. The relative errors in
measurement at the boundary of the stream were significantly greater
since the value of temperature is small near the boundary.



Measurement of Velocity Distribution in a Plasma Stream. There
are a great number of methods for measuring the velocity of a gas in
:a flow [11]. To determine the velocity in the stream we used a
*specially developed, water-cooled total pressure sensor, whose spout
was coated with tungsten and which was cooled indirectly from a
water-conducting system. The diameter of the receiving aperture of
the sensor was (0.9<1,0):107° m. As the sensor was mowed across the
stream, the readlngs of the manometric devices which registered the
excess pressure in the flow, were recorded on the tape of an aescil-
lograph or read visually.

T 0 ’ In connection with the fact that
_hm?m , . the statistical pressure in a free, sub-
" -sonic plasma flow (with an accuracy of
. about 1% [61) is equal to the pressure
in the surrounding medium, we can as-
sume that in the experiments we measured.
* the kinetic energy across the stream.
17 I : In this case from the Bernoulli law and
] *\ the equation of state of the gas we ob-
: tained the following relationship for
determining the velocity (or pressure

ol ry ‘ in the surrounding medium ~ 9,8-10°
% ] 2 nm?) [111]: ©
. , : pI N\
'ig. 2. The Temperature :w:=(Q17 . —) . (3)
Distribution by Radius on p(l+e) .

the Cross Section of the :
Nozzle in Single-Phase (1) Here w is the velocity of the gas at an

and -Double-Phase (2) arbitrary point, p is the kinetic ener-
Streams: W-= 15 kW, Gg = gy, T is the temperature of the gas, u
1.09+1073 kg/sec, & = 10-3 is the molecular weight of the gas, ¢
m, Gp, = 0 (1), Gp = 2.9:- is a correction for the compressability
10-3 kg/sec (2). of the gas. :

Positing that with mixing of the argon plasma stream with air,
the argon concentration distribution in it has the same character
as the temperature distribution due to the identity of the transfer
mechanisms [1, 4, 6] and bearing in mind the preliminary experimen-
tal data on temperature distribution in double-phase and single-
phase streams far from the cross section of the nozzle, we can cal-f
culate the molecular weight of the gas at an arbitrary point in the
flow. In this case equatlon (3) takes the form

w—(o,npr{ Omua’[i—-(rl)a{'] —”T—m—‘(‘“‘(!:)] o } (4)

Tomirg iy Ay

where T, is the temperature of the gas on the axis of an arbitrary
cross section, Tg;; is the temperature of the gas on the axis of the
initial cross section, ug is the molecular weight of argon, y is
the distance of the given point from the axis of the stream, r is



the thermal radius of the stream, Vaip is the molecular weight of
the air. ‘We did not introduce a correction for compressibility of
the gas into (4), however, it was introduced into the results of
calculations according to (4) in all cases when the Mach number of
the flow in the examined point satisfied the inequality M & 0.5. /3¢
The correction for compressibility of the gas was determlned ac- -
cording to the relationship [11] e = 1/4 M
x :

When solving (4) the molecular weights of argon and air were
taken on the basis of tables data and the remaining values were
taken from the experiment. On the cross section of the nozzle re-
lationship (%) is valid if we posit that pgip = 00, y = 0, since
the concentration of air in this cross section is equal to zero.
In the process of interpretation of the experiments, equation (4)
was solved on a "Ural-3" computer. As estimates show, the enrors
in determining the velocity at the center of the stream (up to a-
bout 2/3 radius) by this method did not exceed ~ 6%.
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Fig. 3. Distribution of the Relative Excess Temperature (1) and the
Relative. Velocity (2) by Radius of the Stream: 1: W = 15 kW, Ggq =

1.69+103 kg/sec™!, x = 75.1073 m, Gp = 0 (3), Gp = 2.9.1073 kg/sec
(7); W = 10, Gy = 1.69-1073, # = 75.107%, G = 0 (4), Gp = 2.9:1073,
(6); W = 10, Gg. = 0.66+10" 3, x =+75+10-3, Gp = 0 (8), Gp = 2.9.10~ 3
(5). 2: W =10, G, = 1.69-10"3, & = 12.10" 3, Gb =0 (6), Gp = 2.4
+1073, (u); W = 15, G4 = 1.69-10 35 = 15.10° § Gp = 0 (7), Gp = 2.9
«10-3, (10); W = 15, G4 = 1.09.1073, & = 15+1073, Gp = 0 (8); W = 10,
Gg = 0.66-1073, & = 75:107 3, 6p = 0 (9), Gp = 2. 9:10-3, (11)

The Results of the Experiments and Discussion. The Distribu-
tion of the Parameters in the Lateral Cross Sections of the Stream.
Figure 2 shows the temperature distribution of the plasma by radius
on the cross section of the nozzle in double-phased and single-
phased streams for one of the examined regimes. It is clear from
the graph that the introduction of powder into the flow leads to a
substantial decrease in temperature and to a more even temperature



distribution throughout the cross section.

' A typical distribution of the relative excess temperature and
‘also relative velocity by radius of single-~-phased and double-phased
streams based on section is illustrated in Fig. 3. Along the ab-
scissa we plotted the ratio of the flow radius to that radius rg, g
where the excess temperature ATx,m or velocity Wge,m aré¢ equal to
one half their value on the axis of the chosem lateral cross sec-
tion of the stream (the index x refers to the parameters of a-
double-phase stream, m refers to the parameters of a single-phased
. stream). The experimental curves 1, 2 of excess temperature and
velocity distributions coincide quite satisfactorily with the cor-
responding Schlichting curves 3, 4, even in the case of a slightly.
heated stream [11].

The data of Figure 3 show that in the examined variation range
of the parameters the presence of a condensed phase in the plasma
stream has no influence at all on the temperature and velocity dis-
tributions in the cross section of the stream. It is clear that,
in conjunction with this fact, the volume part of the condensed
phase in the stream always remains smakl (no more than about 2:10~ 5).
The results of measurements of the temperature and velocity. 3C
distributions in the lateral cross sections of the stream allows us
to establish that the outer thermal and dynamic boundaries of the
plasma stream in air are roughly rectolinear, do not cobincide (the
thermal boundary 1s significantly farther from the axis of the
stream) and form with the axis of the stream a substantially larger
(by about 2 times) angle :than the corresponding boundaries in a
slightly heated stream. We did not detect any influence of the con-
densed phase on the position of the boundaries of the stream in the
area of the-examined regimes.

Figure 4 shows the relative velocity profiles of single-phase -
and double-phase streams on the cross section of the nozzle. Those
parts of the experimental curves 2-5 shown by dashes were plotted
using an.interpolated temperature.

The regime of motion in the examined cross section was deter-
mined by comparison of the experimental velocity distribution pro-
file with the corresponding theoretical profiles with laminar
(curve 6) or developed turbulent (curve 1) flows in a circular tube.
The problem of the conditions for transition in this cross section
of a laminar flow to a turbulent one (or vice-versa) was solved us-
ing the curve shown in Figure 5.

We plotted along the abscissa here the Reynolds number of the
flow on the cross section of the nozzle, and along the ordinate we
plotted the ratio of the veloc1ty o with laminar  motion at the
point at a distance of 2:10°° m from the axis of the stream to the
measured velocity -w,; at the same point.  For our calculation of the
Reynolds number of the flow we borrowed the relationship between



Fig. 4. Distribution of the |
f/ 2 Dimensionless Velocity by i
' \V<, e Relative Radius on the Shear
’ X(J ' of the Nozzle (2 = 10-3 m):
‘ ' ! : 1. A Devel ed Turbulent
' L7 ii\\;3\\\ g Flow; 2: ?? = 15 kw
L Ggq = 1 69 ¢ 10*3 k%/sg -1 =
' g 2.9°1073 kg/sec” 2 23 =
o2 10, G, = 1,69:1073, Gp = 2 9-
ﬂg X 10°3)F 2(3) (w = 10, Gg = .. .
A 69-107%, 65 = 0); 3, (1) (w
A1 = 10, Gy = 1.09.1073, Gp = 2.
a g 9:107%)5 4, y(1) (W = 15, Gq
T ©1.09:1073, G = 2.9- 10 -3y,
5 5i (1) (W= 15, Gg = 0,66-

v g 1073, Gp = 2.9+1073) 5(2) (W
_yors” = 15, Gg = 1.09-1073, Gp = 0)
4V 5(3) (w = fo, G, = 1 09 10~

' Gp = o) 5(4) (W = = 1.‘
69 1073, Gp = 0} 5(55 (W = 10,
Wl 0.66-1073, Gp = 2.9.1073)
: , oo .ﬂ‘ ~5%5) (W = 10, Gg = 0.66:1073,°"
4 - ' '?\.\\%l Gp = O) 5(7)-(W)— ésa igm;ng;
| i 66:107%, Gp = 0)3 ©-
.‘5‘\\ f.lo.w i o
v the dynamic viscosity and the tem-
rfr, perature from reference [12]. In

0 2z g¢ . 4¢ 45 the process of constructing the
' : graph for comparison we determined
the Reynolds number by two meth-
ods: by axial (the triangles) and
mean-mass (the dots) parameters.

Analysis of this function shows the following. First, with Re
% 630, the plasma flow on the cross section of the nozzle is la-
minar; and with Re & 850 it is turbulent. In the interval 630 <,
Re X 850 there is a transitional regime of flow. Secondly, the
indicated boundaries of the existence of the different regimes of
motion are found to be the same regardless of the method of deter-

mining the Reynolds number (by axial or mean-mass parameters of the /31
plasma flow)

It is interesting to note that if in calculating the Reynolds
number we take advantage of the viscosity of the gas with tempera-
ture of the wall of the nozzle, then the above indicated Reynolds
numbers become near to the-analogous values, characterizing the re-
gimes of motion of a cool gas. Reference [13] also pointed out
this fact. As follows from the experimental data, the admixture of
powder to the plasma flow has a substantial influence on the nature
of the flow and can lead to a change in the regime of motion.



" In concluding this section

M%M‘ ° we should say that a check of the
e ) , validity of the parameter distri-
2] A butions presented here, made ac-
\k ' B : cording to the energy and mass
48— oy fzb ] balance of momentum in the stream,
| ,?j?‘ . : . showed that these balances were
V7w 7% % —gfent  valid within the limits of accu--

; racy of the experiments and. the
, corresponding calculations.

Fig. 5. The Change in the Regime : k
of Flow on the Cross Section of Change in the Parameters a-

the Nozzle as a Function of the long the Axis of the Stream. The
Reynolds Number. . excess temperature distribution

along the axis of single-phased
and double-phased streams is shown in relative coordinates in Figure
65 an analogous graph for the relative velocity, is shown in Figure 7.
The dots denote the greatest variance of the data in a heterogeneous ¢
stream and the circles denote the greatest variane in a homogeneous
stream (& is the distance from the cross section of the nozzlej; d is
the diameter of the nozzle).

In. plottlng the distribution of axial temperature in the sec-

tion 151073 m < & < 75+10~3 m, we used additional points, determined
from the melting point of a thin (dp =.0.5+10 3 m) tungsten wire
which was introduced into’ the stream.. The wire was placed along the
4 f Y A_T ° \\
41T ! '

r— | z/d ﬂ
j *T
A ST iFon N B w

Fig. 6. The Change in the Dlmen51onless Excess Axial Temperature of
the Gas Along the Stream. .

center of the nozzle, introduced into the stream and shifted along
its.axis toward the nozzle. We posited that at the point at which
the wire began to melt, its temperature would be equal to 3340 % 15°
‘C [14]. The thermodynamic temperature of the gas at this point was
determined with a correction for radiation of the wire, heat dissi-
pation along the wire and stagnation of the flow. . As our. estimates
showed, the errors in measurement by the indicated method do not, ap~-
parently, exceed about 16%.



We can draw the following conclusions from an examination of
the graphs. The decrease in the axial parameters both in homogene—
sous and in heterogeneous streams, within the accuracy of the experi-
‘mental errors, can be represented as one curve. There is an initial /3]
section in the stream (length & ~ d) where the temperature and ve-
locity drops are small, With subsequent increase in the distance :
from the cross section of the nozzle up to & ~ 7d, thecparameters
of the stream decrease very 1nten81vely (much smore rapidly than in
the case of slightly heated streams [1, 2]); temperature decreases
much more than velocity. The physical mechanism of so significant
a change in the parameters of argon plasma streams moving in air, is
not yet clear. However, apparently, we can assume that in addition
. to possible existence in the stream of large-scale turbulent pulsa-
tions [4], leadlng to rapid erosion of the stream, the substantial
temperature drop is caused by energy los'ses of the stream to disso-
ciation of the air which is drawn into the stream.
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Fig. 7. The .Relative Velocity as a Function of the Relative Diameter
Along the Axis of the Stream.
" Bigg bl _ LS The fact that the nature of the
87y3/8Tym -W=WkWt _ change in the axial parameters along
st N, s-W-likW{ the axis of the stream is indepen-
44 {SQ:E —— 1 71 dent of the presence of a condensed
o A::?\ ; ~ phase indicates that the mechanisms
44 f <] €2 — of heat transfer and momentum in
’ \h \\\\~ PR __homogeneous and heterogeneous
@’ i >~ , streams remain the same (in the exp
{ \\\\ ' amined variation range of the param- .
: RNE o | eters). The admixture of powder to
&b . S| ; the plasma stream can lead only to
o K‘*~~é o a significant decrease in the abso-
4#0 ~ 7 .J 7 T lute values of temperature and velo-

- , city of ‘the gas.
Fig. 8. The Influence of the .

Degree to which the Stream is Figure 8 illustrates the rela=-
Double-Phase (X) on the Axial . tive axial surplus temperature
Parameters of the Stream on (Curve 1, W = 103 15 kW) and enthal-

the Cross Section of the Nozzle. py (Curve 2, ¥ = 10; 15 kW) and also

10



the relative velocity (Curves 3, 4, W = 103 15 kW) on the cross sec~
tion of the nozzle as functions of the initial degree to which it is
¢double-phase. Along the ordinate we plotted the ratio of the axial
‘excess temperature (enthalpy) or the axial velocity of a double~phase
stream to the analogous parameters of a single-phase stream for the
same operating regime.

These curves show that temperature, enthalpy and velocity of
the stream decrease substantially as the degree to which the stream
is double-phase increases., In the examined variation range of the
working conditions of the plasmatron the greatest temperature drop
is about 12%, and the greatest enthalpy drop is about 45%. It also /31
follows from the graph that, firstly, the vélocity of the gas in the
stream decreases. substantlally (up to about 30%) as the degree to
which it is double-phase increases (in the examined variation.range
of the parameters), and, secondly, the drop in velocity takes place
as intensively as the power supplied to the hegter (curves 3 and 4).
The latter clearly is related to the fact that with an increase in
the supplied power the velocity of the flow increhses (with a simul-
taneous decrease in the intensity of the gas), and, consequently, a
large portion of the kinetic energy of the stream is transferred to

the condensed phase. -l
- ‘ — Fig. 9. The Change in the Axial Velo-
fgggv% s |1 city and Excess Temperature on the
wym M se e ' ! Cross Section of the Nozzle as a Func~
Wog W] Wsec»”/ E ! ~tion of the Gas Flow Rate: 1, 2, 3, 4
1 P> — ' 11 Refer to the Change in Excess Tempera-
» AN |, ture; 5, 6, 7, 8 Refer to the Change
W ] 5— i ~in Velocity. 1 and 5 - W = 15 kwt, Gb
E '-'\‘ .+ | =0, 2and 6 - ¥ = 15, Gp = .2.9+10"3
W D | kg/sec"1;,3 and 7 - W = 10, Gp = 0, 4
‘“\Q\< B and 8 - Wi= 10, Gp = 2.9:1073% kg/sec™ !,
1 ; = ‘ Figure 9 shows the change in the
A A~\><:: ////f;:::3i - axial velocity and temperature omn the
”" (// tm<:<‘\N' 7. cross section of the nozzle (for single-
,/// ::;2<Z . phase and double-phase flows) as a func-
" 7 A ™~ tion of the argon flow rate. As we can
L~ , ~ notice (Fig. 9) the velocity of both
./4// , single-phase and double-phase streams?
[ /’// ’ : increases as the gas flow rate in-
> rﬁﬂqygeé creases. However, the axial velocity
F i R J . in a heterogeneous stream increases
ar.  4f {0 42 4 40

somewhat more intensely than in a homo-
) geneous stream, which is related to the
decrease in the degree to which it is double-phase of a heterogeneous
stream (in view of the fact that Gp = const). The excess axial tem-
perature (Fig. 9), on the other hand, decreases as the flow rate with
a glven power increases. The temperature drop in a double-phase
stream is less intensive than in a single-phase, which is explained
by ‘the decrease in the degree to which the stream is double-phase

11



with

I,

an increase in the flow rate of the working medium.

In conclusion the authors wish to thank L.S. Polak for his nu—

fmerous valuable discussions of the results of my work
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